thermal energy distribution in biological tissue ,on the treatment site can serve as an indicator for the effectiveness of a photo-thermal therapy. In this paper, thermal effects of laser irradiance on biological tissue is investigated using bio-heat transfer equation which solved using numerical solution in implicit matlab to give us 2D and 3D simulation for thermal transfer distribution during laser irradiation of biological tissue. To study the thermal energy distribution of laser on tissue, A cylindrical sample of biological tissue its radius 3mm and length 3mm was irradiated by laser beam with 808nm wavelength , from above of the cylindrical axially . The results can be used to control the laser treatment parameters and to optimize the treatment outcome.
Introduction
Tissue temperature is an indicator of pathology or diseases underlying the skin. Thermal abnormalities, either elevated or depressed, are usually caused by metabolic irregularities in the body [1] .During irradiation of the tissue by light (as diode laser with 808nm wavelength), different types of interaction may occur, among which thermal effects have larger contribution. In fact laser parameters and tissue characteristics dominate the process of light tissue interaction. Optical behavior of tissue has a strong dependency on laser wavelength, while heat transportation is merely directed by tissue thermal characteristics [2] . Heat transportation process is defined by a differential equation which needs to be solved numerically. In order to solve these equations, which describe dynamic systems, different techniques have been adopted. Heat transfer in the tissue during laser irradiation also affects the temperature distribution and tissue responses in the target tissue and surrounding tissue. Due to the relatively large physical dimensions and inhomogeneous characteristics of biological tissues, the diffusion process also needs to be modeled during laser irradiation. Using the absorbed energy in tissue as the heat source, the thermal energy diffusion process can be determined, hence providing information on thermal responses of tissue. In this paper bio-heat transfer equation was solved using numerical solution in implicit matlab to simulate the thermal energy in tissue , In the following, the interaction of light irradiation with tissue along with the effect of timing steps in achieving the final temperature in different tissue layers is investigated using the finite difference technique. The results will show that implicit matlab simulations can be used as a reliable and accurate technique in simulation of thermal energy within homogeneous and heterogeneous tissues.
Heat Transfer in biological tissue
Heat Transfer is achieved through four different ways: conduction, convection, evaporation, and radiation [3] . Generation of heat is due to deposition of photons and by excitation and de-excitation of molecules increasing the internal energy . During the continuous illumination, the amount of optical energy absorbed per unit volume per unit time is called the heat absorbed power density, Q(x) in Wm . Heat conduction requires a temperature gradient between two locations. The rate at which the temperature changes depends on the thermal diffusivity [cm 2 s -1 ] of tissue. The rate of the temperature rise is governed by heat conduction in addition to the rate of volumetric heat production. The local elevation in temperature causes heat transfer in tissue and can be described by the bio-heat transfer equation. The bio-heat transfer equation was first introduced by Pennes [4] to describe heat transfer in perfused tissue such that
On the left hand side of equation (1), the first term is the conductivity term which describes the diffusion of heat in tissue, the second term describes the convective effects of blood flow, and the last term is the deposited Light energy or absorbed Light power of the optical source. The venous blood leaving the volume is at the local tissue temperature and has no further effect on the surrounding tissue. These combined terms lead to an elevation in temperature described by the right hand side of the equation
is the heat generated per unit volume per unit time [2] ) , ( 
Or :
This equation can be solved by using forward Euler time integration method, which is an explicit finite difference technique [5] . 
. 
Thus the Equation (5) is the solution of the Equation (1). This theoretical model is used to predict temperature rise in the each layer of biological tissue , and when we know that, we obtain the value of thermal energy (q) on each layer within tissue through certain time and thick of tissue . Where:
Simulation of temperature distribution
A cylindrical sample of tissue radius 3mm and length 3mm was irradiated by laser from above of the cylindrical axially as shown in Figure 1 . Thermal Laser irradiation propagates into the sample and are absorbed. Heat is generated locally; this heat dissipates in the entire sample, which is described by the bio-heat diffusion equation. The surface thermal energy distribution is obtained by matlab solution of the bio-heat equation (1) the result of the solution is obtained as thermal energy matrix. Fig1 : Tissue geometry used in the simulation. A 3 mm by 3 mm cylinder of a tissue of 1 mm radius at the center was irradiated by laser from above the cylinder. The explicit finite difference method was used to solve equation (5) . This method progresses forward in time calculating the next temperature value The thermal energy distribution is obtained by Matlab simulation of the heat equation (1) Tissue optical and thermal properties as summarized in Table 1 [6, 7] were used for the simulation purpose. 
Result and discussion
-Fig2 shows 2-D surface thermal energy distribution during the irradiation. maximum value for the thermal energy within the biological tissue is at the center of the sample exposed to laser radiation, thermal energy decreases as we move away from the center, and this simple rise in thermal energy plays an important catalytic role to increase immune of biological tissue and it is very useful for effective treatment, where produced Heat by laser irradiation can stimulate the immune response enabling the immunity system to recognize foreign invading germs and cells [8, 9] . Therefore, optimal thermal treatment and immune stimulation may be required for the effective heat treatment. thermal energy in cylindrical sample of tissue radius 3mm and length 3mm when expose to 1W laser power through 3sec is ranging between 100-600J/m 3 . -Laser thermal therapy relies on the conversion of electromagnetic energy into thermal energy. This is achieved by focusing a beam of laser on the target tissue. The spatial coherence property of the laser, which can supply high energy density, provides spatially confined heating of target tissues. The key parameters that are essentially required to make control during thermal therapy are the light dose and target tissue properties.
-As the tissue consist of multi-layers and each layer has different thermal properties (such as conduction, diffusion etc), so the decrease in thermal energy with the increasing penetration depth of laser depends on the directly absorbed layer of laser irradiation as shown in fig4. [9]-Markus RF. Lasers more than acosmetic tool. J. Dermatological Treatment;2000; 11, 117-124.
